A 205 samples representing eight different infant foods with various based materials were collected and analyzed for their microbiological properties. The contamination rate by aerobic spore formers was achieved 100% in milk based infant food with fruit, vegetables, honey, rice and infant milk powder. While, it was detected in 95, 60 and 65% of the infant food with wheat milk based, ready to use (infant food with fruit) and ready to use (infant food with vegetables), respectively. Biochemical Identification and API 50 CHB used to identify the obtained isolates and revealed that B. subtilis was the most frequently occurring Bacillus spp. Followed by B. licheniformis and B. circulans. While B. cereus was detected in 10.20% of the total isolates. Moreover, B. cereus was confirmed in 21.2% of milk based fruit, vegetables (15.7%), honey (17.2%), rice (14.1%) and wheat (12%) and vanished in the infant milk powder samples. Although, B. cereus noted in lower percentage but this strain is considered as the more harmful one in lower numbers. For that, the following part is focused on B. cereus. Forty five isolates obtained from B. Cereus contaminating samples were screened for prevalence of 3 important virulent enterotoxigenic genes using PCR technique. The CYTK gene had the highest presence which detected in 43 isolates (95.5%), followed by NHEC gene detected in 32 isolates. However, the HBLA gene was detected in just 5 isolates. So, many processes should be applied for controlling of pathogens to preserve infant lives. light [10, 11] . B. cereus has been reported to produce 5 enterotoxins and https://doi.
Introduction
Feeding infant with powdered formula and ready to eat infant food issued from birth through first 2 years to feed millions of infants over the world. This kind of nutrition represents a rich source of nutrients and contains ingredients from various origins. So, it is considered an excellent medium to support bacterial growth and carrying potential risk of exposure to foodborne pathogens. Infants and babies are more susceptible to infection by such pathogens because of their less welldeveloped immune system and lack of competing intestinal flora [1] . Low moisture content of dried infant foods and even ready to eat baby's acts as inhibitory factor with respect to any bacterial spores or vegetative that have survived drying or processing. These microorganisms cannot grow and play any direct role in their spoilage.Their occurrence in the products is a great significance served as an index of hygienic standards maintained during production, processing and handling [2] . But, reconstituted infant foods are considered to be a food class of high risk due to the infants susceptibility to enteric bacterial pathogens in order to mortality [3] . Epidemiological evidence suggests that the majority of outbreaks worldwide due to B. cereus have been associated with concentrations (105 cfu/g in implicated foods). Infants and babies are more susceptible to infection by such pathogens because of their less well-developed immune system and lack of competing intestinal flora [1] .
The microflora of dried milk powders depends on the number and type of bacteria in the raw milk or milk by-product, preheating temperature, operation conditions, evaporator and/or dryer and plant hygiene [4] . B. cereus contamination of infant milk formulas was well documented in previous studies [5, 6] . B. cereus was among the primary microbes associated with baby food contamination as reported by FAO/ WHO Expert Consultations [7] . In spite of that B. cereus was classified as category C or of low risk, its prevalence in infant food was sufficiently high to cause food borne infection outbreaks [8, 9] . B. cereus spores are resistant to many processes as low and high temperatures, desiccation, disinfectant agents, ionization, radiation and ultraviolet 1 emetic toxin. From them, heamolysine BL (HBL) and non heamolytic enterotoxin (NHE) consists of 3 different exo-proteins while the other toxins, ENTFM, CYTK and BCE consist a single protein [12] .
Therefore, this work aimed to investigate the incidence of Bacillus spp. and its enterotoxigenic virulence factors in infant formula and ready to use baby food collected from Cairo and Giza markets and pharmacies under Egyptian condition of production, storage and distribution.
Material and methods

Samples collection
A total of 205 samples were obtained from commercially available markets in Egypt. They were infant foods, infant milk powder and ready to use (infant food) such as infant food with honey and milk based, infant food with rice and milk based, infant food with wheat and milk based, ready to use infant food with fruit, ready to use infant food with vegetables (20 samples of each), infant food with fruit and milk based (45 samples), infant food with vegetables and milk based (15 samples) and infant milk powder (45 samples). These samples were randomly purchased from different pharmacies and supermarkets at Cairo and Giza. Sterile techniques were applied during samples collection, packaging and microbiological analysis. All samples were delivered directly to the laboratory according to American Public Health Association [13] protocols. Each sample was subjected for many analyses as total bacteria, total aerobic spore formers, total psychrotrophic spore formers and total Bacillus cereus group counts.
Preparation of sample
All samples were homogenated as standard methods reported by ICMSF [14] . In brief, 225 ml of sterile peptone water buffer were added to 25 g of the sample and thoroughly mixed using sterile homogenizer for 1-1.5 min, and then the tenfold serial dilution were prepared.
Total bacterial counts
The total bacterial count was carried out using plate count agar medium (Oxoid) using pour plate method with incubation at 37°C for 48 h [15] .
Total spore former counts
Spore formers were determined after heating the sample (10 −1 ) in a water bath at 80-85°C for 10 min and cooled rapidly [16] , then plated on plate count agar medium using pour plate method and incubated at 37°C for 48 h for total aerobic spore formers or 7°C for 10 days for psychrotrophic spore formers. The numbers of colonies per countable plates was noted and expressed as CFU/g [17] .
Determination of B. cereus group count
From each previously prepared dilution after pasteurization, 0.1 ml was spread onto the surface of Polymyxin Pyruvate Egg yolk Mannitol Bromothymol Blue Agar medium (PEMBA) by bent glass rod. The plates were incubated at 37°C for 24 h as mentioned by Harrigan [18] .
Isolation and identification of Bacillus spp
Colonies (3-5) were randomly picked from each plate of total aerobic spore forming count. Each colony of Bacillus spp. was isolated, purified, characterized and identified. A single representative colony was removed and inoculated into 10 ml tryptone soya broth. Each broth culture was incubated at 37°C for 24 h and used to perform the various biochemical tests and identified according to Varadaraj [81] and API 50 CHB (Biomerieux, France).
Detection of haemolysin activity
Seventy eight obtained B. cereus isolates were tested for haemolysin activity on sheep blood agar plates (5%) by plating a loopful of 24 h old culture of the isolates. The plates were then incubated at 30°C for 24 h and checked for hemolysis surrounding the growth [19] .
Detection of virulence genes using PCR technique
Genomic DNA for 45 B. cereus isolates was extracted by lysozyme (20 mg/ml) and proteinase K (1 mg/ml) buffer. Total genomic DNA was purified using isopropanol buffer as described by Barakat et al. [20] . Amplification reaction (PCR) of the enterotoxin genes was carried out using extracted DNA and the primerssets as presented in Table 1 . The PCR amplification included initial denaturation at 95°C for 5 min, followed by 30 cycles of 95°C for 1 min, 58°C for 1 min, 72°C for 1 min, and a final elongation step at 72°C for 10 min, with a final hold at 4°C [21] . PCR products were analyzed in 1.5% (wv −1 ) TAE agarose gel and all PCR experiments were performed twice for each strain [22] .
Results and discussion
Incidence and distribution of total bacterial counts
One of the most important parameter of baby food products is their microbiological quality, to evaluate the safety of different infant formula products. Many detection experiments as total bacterial numbers, total spore formers, total pathogens and total bacillus spp. were used to evaluate the infant food microbiological quality based on standard international regulations. These parameters were as total bacterial numbers, total spore formers, total pathogens, total bacillus spp.…..etc. The results in Table 2 revealed that bacterial counts were detected in almost all the variety of tested infant formula and ready to use infant foods, with mean total viable counts varied over the range of 1.896-3.453 log 10 cfu/g (1.896 log 10 cfu/g for ready to use infant food with fruit and 3.453 log10 cfu/g for infant food with fruit milk based), these results are agreed with those obtained by Shadlia-Matug et al. [26] who reported that, total bacterial counts of infant food with banana ranged from < 1.0 to 3.54 log 10 cfu/g.
Most of the examined samples were within the acceptable limit and met the standard limit (10 4 ) as recommended by FDA [27, 28] .The high aerobic count indicated neglected sanitary measures during manufacturing process, handling, packing and using the low quality milk or ingredients in the production [4] . Yacoub et al. [29] mentioned that, the total bacterial counts ranged between log 2.4 and 3.2 cfu/g of skim milk powder. According to the limits proposed by APHA, ES and USDA for dried milks, APC must not exceed 5 × 10 4 , so, all the examined samples were within the acceptable limits.
Incidence and distribution of total aerobic spore forming bacteria
Spore forming bacteria are present in many food processing Table 1 The primer sequences and amplicon sizes used in PCR analysis. environments and may pose a threat to food safety and quality [30] . The mean total spore counts in the tested samples were reached to 2.410 log 10 cfu/g (infant food with wheat milk based) and 3.167 log 10 cfu/g (infant food with fruit milk based), from 1.199 log 10 cfu/g to 1.208 log 10 cfu/g for ready to use (infant food with vegetables) and ready to use (infant food with fruit), respectively ( Table 2) . As well as, it was detected in 19 from 20 (95%) samples of infant food with wheat and milk based, 13 from 20 (65%) samples of ready to use (infant food with vegetables) and 12 from 20 (60%) with ready to use (infant food with fruit), but it was detected in 100% of other tested samples. Other investigators recorded variable data concerning the incidence of aerobic spore former; Shadlia-Matug et al. [26] reported that 42.9% from infant foods with banana and 67% from infant foods with vegetables were positive for total aerobic spore counts. While, El-Gendi and Wahba [31] noted that, total spore groups were counted by 33.3, 60 and 83.3% in examined samples of milk-cereal based weaning food samples, infant milk powder and milk powder, respectively. In (2016), Sadiq et al. [32] reported that total mesophilic spore counts with average 4.82 × 10 3 were recorded in infant formula of milk powder.
Recently, Yacoub et al. [29] reported that, the total aerobic sporeforming bacteria counts were ranged between < 10 and log 2.85 cfu/g in the tested samples of skim milk powder.
3.3. Incidence and distribution of total psychrotrophic spore forming bacteria
The domination of psychrotrophic bacteria in the total microbial population is even more pronounced when milk is produced in poor hygiene conditions and/or contains increasing numbers of somatic cells. In the current study, this parameter was examined as a tool for infant food quality. Total psychrotrophic spore formers were detected in 60 and 40% of the total samples of milk based infant food with fruit and vegetables, respectively ( Table 2 ). The counts were reached to 2.608 log 10 cfu/g with average 0.987 log 10 cfu/g in infant food with fruit milk based, followed by 1.852 log 10 cfu/g with average 0.583 log 10 cfu/g in infant food with vegetable milk based. Also, total psychrotrophic spore formers were observed in low percentage (5%) with average count 0.104 log 10 cfu/g of infant food with honey milk based. While total psychrotrophic spore former counts was detected in 10% of milk based infant food with rice and wheat samples with average counts 0.101 and 0.082 log 10 cfu/g, respectively as shown in Table 2 . None of the surveyed infant milk powder, ready to use infant food with fruit and vegetables samples was contained detectable levels of total psychrotrophic spore former counts. In this target, Ahmed et al. [33] mentioned that, the mean total psychrotrophic spore former count was 2.9 × 10 2 cfu/g in infant's milk formula (IMF) for babies. Also, Sadek et al. [34] reported that 46.6% from skim milk powder samples were positive for total psychrotrophic spore forming bacteria with counts ranged from 2 × 10 to 8 × 10 2 cfu/g and average 8.1 × 10 cfu/g. On the other hand, Yacoub et al. [29] noted that, Bacillus spp. were isolated from skim milk powder did not exhibit psychrotrophic growth at 7°C. For that, the next part of the current study focused on detection of Bacillus spp. counts especially Bacillus cereus.
Identification and distribution of total aerobic spore forming counts
Isolates of aerobic spore formers were studied for morphological and biochemical properties. These tests were recommended for identification of Bacillus spp. according to Varadaraj [81] and API CHB50 biochemical tests. Data in Figs. 1 and 2illustrated the frequency distribution of different Bacillus species isolated from the examined samples. The identification with classical methods based on morphological and biochemical criteria as well as API techniques showed that B. subtilis was the most frequently occurring Bacillus spp. with an over incidence of 27.3% of isolates followed by B. pumilus (18.32%), B. licheniformis (15.70%), B. circulans (12.30%) and B. cereus (10.20%). While, high frequency of B. cereus were observed in infant food with fruit milk based (21.2%). But, infant milk powder and ready to use coagulans have been occasionally implicated in either foodborne related illness or opportunist infections [78] . These results are nearly agreed with those obtained by Mostafa et al. [79] who reported that the most common Bacillus spp. detected in the commercial infant formulas was B. subtilis, with an over incidence (28%) followed by B. lichenifomis (20%) and B. cereus (14%). Moreover, [76] found that B. subtilis was the most commonly identified isolates from infant formula milks samples. Also, B. cereus, B. circulans and B. pumilus were isolated with percentage of 16.7, 13.3 and 20% in infant milk formulae, respectively [31] . B. smithii was isolated from diverse food products obtained from local dairies such as cocoa powder, milk powder and dessert products [80] .
Incidence and distribution of total Bacillus cereus group counts
Bacillus cereus spores widely distribute in the nature. So, it is very important to investigate the presence of B. cereus in infant formula and possible pathogenicity of this microorganism in infant foods. According to FDA [35] , the standard regulators stipulated that B. cereus must be less than and/or equal 100 cfu/g in infant formula. It is evident from the results in Table 2 ; the total B. cereus group counted on PEMBA medium was detected in the tested samples of milk based infant food with fruit and vegetable by 62.2 and 26.6%, respectively. It was reached to 2.820 log 10 cfu/g with average 1.497 log 10 cfu/g and 2.800 log 10 cfu/g with average 0.652 log 10 cfu/g, respectively. However, total B. cereus count was observed in low percentage; 15, 20 and 30% with average count 0.358, 0.451 and 0.679 log 10 cfu/g in infant food with rice milk based, infant food with wheat milk based and infant food with honey milk based, respectively. On the contrary, B. cereus count was detected in the tested samples of infant milk powder, ready to use infant food with fruit and vegetables ( Table 2 and Fig. 2) . Generally, 45 out of 205 samples (21.9%) of the tested samples of infant foods were positive for total B. cereus counts. Other results were obtained by Dalea and Alexandra [36] who reported that B. cereus was detected in 6 out of 30 samples of powder milk samples for new bornes. Moreover, Kim et al. [37] showed that B. cereus was detected in infant and baby foods, including 23 of 100 (23.0%) cereal-based infant foods, 4 of 10 (40.0%) biscuits and 2 of 27 (7.4%) liquid infant foods. In another investigation, Asmaa et al. [38] commented that 10% of samples infant formula was contaminated with B. cereus with counts ranged from 4.0 × 10 1 to 2.1 × 10 2 and average 1.45 × 10 2 . The high differences in percentage and range of B. cereus may be due to the different formulas, different types of samples and different tests. New nontoxic and high stable bioactive materials were developed for controlling of the pathogens [39] [40] [41] . In addition to food grade natural materials may be will the best chance to control of the pathogens [42] .
Molecular investigation of Bacillus cereus and its toxins
Prevalence of hemolytic BL complex HBLA gene in B. cereus isolates
The prevalence of toxigenic strains of B. cereus has been extensively reported in different starchy foods such as vegetables, puddings, sauces, milk, dairy products, cereals, infant cereal formulas fried and cooked rice [43] [44] [45] [46] . Thus, it was important to evaluate the food safety of different baby food products widely manufacture, distributed and sold in Egypt. PCR technique has been recently applied for rapid detection and differentiation of enterotoxins related genes in B. cereus [47, 25] . Results in Table 3 revealed that the B. cereus isolates carrying HBLA gene was detected in infant food with fruit milk based by 2 isolates, infant food with vegetables milk based (25%) and infant food with wheat milk based (50%). This gene was not detected in infant food with honey milk based and infant food with rice milk based (Fig. 3) .
On this respect, Hansen and Hendriksen [48] showed that 52% of B. cereus strains isolated from foods had HBLA genes. Nearly, the same trend of the HBLA gene distribution with different percentage were obtained from B. cereus isolated from baby food with rice milk based, wheat milk based and honey milk based with percentages of 19.35,12 and 5.55%, respectively. And it was not detected in baby food with banana milk based [49] . Moreover, Dhuha and Habeeb [50] reported that, HBLA gene was detected from B. cereus isolated from milk, dairy products and infant food in the percentages of 9.09, 20 and 20%, respectively. Variation in the obtained results is accepted based on various factors such as season, type of sample, collection condition, it was closely related with qualitative and quantitative results. 
Prevalence of non-hemolytic enterotoxin complex NHEC gene
The presence of enterotoxigenic NHEC virulence gene seems to be widely distributed among B. cereus even in different isolates which found in 75, 75, 83.3 and 75% of B. cereus isolated from infant food with fruit milk based, infant food with vegetables milk based, infant food with honey milk based and infant food with wheat milk based, respectively ( Table 3 and Fig. 4 ). This gene was not detected in infant food with rice milk based. The results were approximately similar with obtained by Guinebretiere et al. [24] , who found 63 and 36% of food borne B. cereus isolates lack one or two of the NHE and HBL genes, respectively by PCR amplification. Also, Al-Khatib et al. [51] found the NHE genes in most of the strain of B. cereus were higher than HBL genes. Other study, Dhuha & Habeeb [50] reported that, NHEC gene was found in 80% of B. cereus isolated from infant food.
Prevalence of cytotoxic CYTK gene
It is obvious that from Table 3 and Fig. 5 the most of the strains CYTK gene was in higher percent than HBLA and NHEC genes. This gene was detected in 95.5% of B. cereus isolates studied in this work. Also, the results showed CYTK gene was detected in 96.4, 75, 100, 100 and 100% of B. cereus strains isolated from milk based infant food with fruit, vegetables, honey, rice and wheat, respectively. The cytotoxic gene CYTK of B. cereus (a clinical isolate) was the only causer of severe food poisoning outbreak that killed people. They also reported that CYTK toxin had necrotic and hemolytic action. In addition to, it was completely different from other B. cereus enterotoxins [52] . Many authors commented that both HBLC and CYTK genes were detected with varying percentages ranged from 20 to 77% of screened isolates [53, 54, 66, 55] .
In this study, results in Table 3 illustrated the HBLA, NHEC and CYTK genes were detected by 11.1, 71.1 and 95.5% of the examined samples, respectively. Samples of milk based infant food with fruit, vegetables and wheat were carried the 3 genes. Furthermore, 3 isolates from infant food with rice milk based had only CYTK gene. In this direction, Granum [56] found that, NHE gene was present in 100% of B. cereus isolates, while the HBL gene was present in 50% of B. cereus isolates only. Samapundo et al. [57] isolated 324 B. cereus strains from food products in Belgium. They showed 52.5% of strains had all HBLA, HBLB, HBLC, NHEA, NHEB, and NHEC enterotoxigenic genes.
3.6.4. Hemolytic activity of the B. cereus isolates B. cereus produces a large number of potentially virulent factors including hemolysin [58, 59] . The ability of B. cereus isolates to produce hemolysis of 7% horse erythrocytes on blood agar was examined. The results in Table 4 revealed that out of 78 isolates, 76 isolates (97.4%) showed hemolytic activity. These results are not far from those obtained by Wong et al. [60] who noted that 98% of B. cereus isolated from fermented milks and milk powders lysed ertherocytes were observed hemolytic activity. Also, Nour et al. [19] and Sadek et al. [61] recorded that 89.74 and 88.4% of B. cereus isolated from some dairy products showed hemolytic activity. Moreover, Sameer et al. [55] reported that 100% of B. cereus strains isolated from infant milk formula showed stronger hemolytic activity with lower frequency of harboring HBL and CYTK.
Conclusion
Based on the major foods for infants and young children are industrial synthesis foods, it is important to ensure about food safety application. The presence of B. cereus in the infant foods could be potentially alarming for the infant's health. Unfortunately, found pathogenic strains of B. cereus in the collected infant food samples. For that, many processes should be applied for controlling of pathogens to preserve infant lives.
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